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COORDINATED SIGNALING OF
SCHEDULING INFORMATION FOR UPLINK
AND DOWNLINK COMMUNICATIONS

BACKGROUND

The present invention relates generally to scheduling trans-
missions to and from user terminals over shared channels in a
mobile communications system and, more particularly, to a
coordinated signaling scheme supporting both uplink and
downlink transmissions over shared channels designed to
reduce current drain in a user terminal.

In mobile broadband communication systems, a plurality
of'user terminals may share an uplink and/or downlink chan-
nel. For example, the developing standard for mobile broad-
band systems known as Long Term Evolution (LTE) provides
two shared channels; one for uplink transmissions and one for
downlink transmissions. A scheduler at the base station,
referred to in the LTE standard as an Evolved Node B (eNB),
determines which user terminals shall have use of the shared
channels at any given scheduling interval and which
resources the user terminals shall use. Scheduling decisions
are typically made once per subframe. Because LTE uses
Orthogonal Frequency Division Multiplexing (OFDM), the
radio resources may be divided in the frequency domain
among two or more user terminals at any given time.

For downlink communications, the user terminals report
channel conditions to the scheduler. The scheduler deter-
mines which user terminals to serve based on the reported
channel conditions and other factors such as buffer levels,
quality of service (QoS) requirements, and fairness consider-
ations. Data is transmitted to the user terminals on the Physi-
cal Downlink Shared Channel; (PDSCH). The identities of
the user terminals scheduled to receive data in a given sub-
frame are transmitted to the user terminals in a scheduling
message transmitted on a shared downlink control channel,
referred to in the LTE standard as the Physical Downlink
Control channel (PDCCH). Thus, the user terminals must
monitor the PDCCH to determine when they are being sched-
uledto receive data on the PDSCH. After receiving data on the
PDSCH, the user terminal transmits an acknowledgement
(ACK/NACK) to the base station on the Physical Uplink
Control Channel (PUCCH) to indicate whether the data was
successfully decoded. In the case of a NACK, the user termi-
nal continues monitoring the PDCCH for scheduling infor-
mation relating to the retransmission.

For uplink communications, the LTE standard provides a
scheduling request mechanism to enable the user terminal to
request resources for uplink transmissions. To request
resources, the user terminal transmits a scheduling request
(SR) on the PUCCH to the base station, indicating that the
user terminal has new data to send. The user terminal then
monitors the PDCCH while it waits for an uplink grant (UL-
(3). Once the UL-G is received, the user terminal transmits
data on the assigned resources. Because the SR contains no
information about the resource requirements of the user ter-
minal, the user terminal attaches a buffer status report (BSR)
to the first uplink transmission. After transmitting the data to
the base station, the user terminal then monitors the Physical
HARQ Indicator Channel (PHICH) for an ACK/NACK of'the
uplink transmission.

The LTE standards supports an operating mode known as
discontinuous reception (DRX) to enable the user terminal to
conserve power by turning off some of'its radio circuitry. The
DRX mode is defined by a DRX cycle, an on-duration, and an
inactivity timer. The user terminal wakes up and monitors the
PDCCH at the beginning of every DRX cycle for a period

20

25

40

45

55

2

equal to the on-duration. If no scheduling message directed to
the user terminal is received, the user terminal falls asleep
until the beginning of the next DRX cycle. When the user
terminal receives a scheduling assignment from the base sta-
tion, it starts the inactivity timer and continues to monitor the
PDCCH until the timer expires.

While the DRX operating mode is intended to save battery
power, the amount of actual savings may be disappointing.
The lack of coordination between the uplink and downlink
scheduling algorithms may prevent, or significantly reduce,
potential power savings from DRX operation. When the user
terminal is operating in DRX mode, the user terminal may
still need to turn on its receiver for uplink operations. For
example, when the user terminal requests resources for uplink
transmissions, the user terminal turns on its receiver to moni-
tor the PDCCH while waiting for an uplink grant. Further,
HARQ operations for uplink communications overrides
DRX operations and the user terminal will turn on its receiver
to listen for an ACK/NACK message from the base station.
Furthermore, when retransmissions are required for previ-
ously-sent downlink transmissions, the user terminal must
turn on its receiver to listen for downlink scheduling mes-
sages.

Because long battery life is a major selling point of mobile
communication devices, there is much interest in finding
ways to reduce power consumption LTE terminals and other
future generation user terminals.

SUMMARY

The present invention relates to a coordinated signaling
scheme for both uplink and downlink transmissions between
a base station and a user terminal that reduces the amount of
time that the user terminal must turn on its receiver to listen
for scheduling messages and ACK/NACK signaling. The
basic idea is to align the transmission of downlink scheduling
messages (e.g., downlink assignments) with uplink grants
and ACK/NACK signaling for uplink transmissions. Aligning
the downlink scheduling messages with uplink control sig-
naling enables the user terminal to turn off its receiver after
receiving the downlink scheduling message. Further, the LTE
standard specifies that the uplink transmission and ACK/
NACK signaling for the downlink transmission must take
place four subframes following the uplink grant and downlink
scheduling message, respectively. Thus, the transmitter at the
user terminal is turned on at the same time to transmit data on
the PUSCH and the ACK/NACK signaling on the PUCCH.
This synchronization enables the user terminal to turn off its
transmitter for longer periods of time.

In some embodiments, the downlink scheduling messages
may also be aligned with the ACK/NACK signaling for
uplink transmissions. This alignment allows the user terminal
to turn off its receiver for a longer period of time after receiv-
ing the downlink scheduling message. Also, aligning the
downlink scheduling messages for retransmission with the
ACK/NACK signaling means that the ACK/NACK signaling
for the downlink retransmission will be aligned with the
uplink retransmission. Again, this alignment enables the user
terminal to turn off its transmitter for longer periods of time.

An exemplary embodiment of the invention comprises
methods of scheduling transmissions to a plurality of user
terminals over shared uplink and downlink channels. One
exemplary method comprises scheduling downlink and
uplink transmissions for a plurality of user terminals on
shared downlink and uplink traffic channels respectively;
transmitting downlink scheduling messages to said user ter-
minals over a shared downlink control channel, said downlink
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scheduling messages indicating the identities of user termi-
nals scheduled to receive data on the shared downlink traffic
channel in corresponding subframes of a radio frame; and
aligning transmissions of uplink scheduling grants for one or
more of said scheduled user terminals with respective down-
link scheduling messages for said scheduled user terminals.

In some embodiments, the method further comprises
receiving uplink transmissions from user terminals scheduled
to transmit on said shared uplink traffic channel; scheduling
retransmissions to user terminals on said shared downlink
traffic channel responsive to negative downlink acknowl-
edgements from said user terminals; and aligning transmis-
sions of uplink acknowledgements corresponding to trans-
missions received on said uplink traffic channel with
respective retransmissions to said user terminals on said
shared downlink traffic channel.

In some embodiments of the method, scheduling downlink
and uplink transmissions for a plurality of user terminals on
shared downlink and uplink traffic channels respectively
comprises scheduling downlink and uplink transmissions of
voice packets.

In some embodiments, the method further comprises fur-
ther comprising appending data packets for user terminals
with concurrent voice and data sessions to scheduled voice
packets for respective user terminals by transmitting said data
packets for said user terminals with concurrent voice and data
sessions in subframes immediately following the transmis-
sion of respective voice packets.

In some embodiments of the method, scheduling downlink
and uplink transmissions for a plurality of user terminals on
shared downlink and uplink traffic channels respectively
comprises consolidating downlink transmissions to said user
terminals in one or more subframes of a radio frame to create
one or more silent subframes in said radio frame.

In some embodiments, the method further comprises send-
ing a silent subframe indication to said user terminals to
indicate that one or more subframes of a radio frame will not
contain downlink transmissions.

In some embodiments, the method further comprises send-
ing control signals to said user terminals to switch user ter-
minals between a normal operating mode and a power saving
operating mode

In some embodiments, the method further comprises trans-
mitting retransmission window parameters to the user termi-
nals indicating a time period during which downlink retrans-
missions will be made to the user terminal.

In some embodiments, the method further comprises trans-
mitting random access window parameters to the user termi-
nals indicating a time period during which the base station
will listen for random access attempts.

Some embodiments of the invention comprise a base sta-
tion for scheduling transmissions to a plurality of user termi-
nals over shared uplink and downlink channels. One exem-
plary base station comprises a transceiver for transmitting
user data to a plurality of user terminals over a shared down-
link traffic channel and for receiving user data from said user
terminals over a shared uplink traffic channel; a control unit
including a scheduler for scheduling said downlink and
uplink transmissions. The scheduler is configured to send
downlink scheduling messages to said user terminals over a
shared downlink control channel, said downlink scheduling
messages indicating the identities of user terminals scheduled
to receive data on the shared downlink traffic channel in
corresponding subframes of a radio frame, and to align trans-
missions of uplink scheduling grants for one or more of said
scheduled user terminals with respective downlink schedul-
ing messages for said scheduled user terminals.
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In some embodiments of the base station, the scheduler is
further configured to schedule retransmissions to user termi-
nals on said shared downlink traffic channel responsive to
receipt of negative downlink acknowledgements from said
user terminals; and to align transmissions of uplink acknowl-
edgements corresponding to uplink transmissions from said
user terminals with respective downlink retransmissions to
said user terminals on said shared downlink traffic channel.

In some embodiments ofthe base station, the downlink and
uplink transmissions comprise voice packets.

In some embodiments of the base station, the scheduler is
further configured to append data packets for user terminals
with concurrent voice and data sessions to scheduled voice
packets for respective user terminals by scheduling transmis-
sion of said data packets for transmission to said user termi-
nals in subframes immediately following the transmission of
respective voice packets for said user terminals.

In some embodiments of the base station, the scheduler is
further configured to consolidate downlink transmissions to
said user terminals in one or more subframes of a radio frame
to create one or more silent subframes in said radio frame.

In some embodiments of the base station, the control unit is
further configured to send a silent subframe indication to the
user terminals to indicate that one or more subframes of a
radio frame will not contain downlink transmissions.

In some embodiments of the base station, the control unit is
configured to send control signals to the user terminals to
switch user terminals between a normal operating mode and
a power save operating mode.

In some embodiments of the base station, the control unit is
configured to send retransmission window parameters to the
user terminals indicating a time period during which down-
link retransmissions will be made to the user terminal.

In some embodiments of the base station, the control unit is
configured to send random access window parameters to the
user terminals indicating a time period during which the base
station will listen for random access attempts.

Other embodiments of the invention comprise methods
implemented by a user terminal of receiving downlink
retransmission from a base station over a shared downlink
traffic channel. One exemplary user terminal method com-
prises transmitting a negative acknowledgement message to
said base station to indicate that a previous downlink trans-
mission was unsuccessful; and intermittently turning a
receiver circuit on and off for a fractional portion of each
subframe in a defined retransmission window comprising a
plurality of subframes to listen for a downlink retransmission.

In some embodiments of the user terminal, the method
further comprises turning off the receiver circuit as soon as
the decoded control message is determined to not include a
downlink packet assignment for that sub-frame.

Other embodiments of the invention comprise user termi-
nals for receiving downlink retransmissions from a base sta-
tion over a shared downlink traffic channel. One exemplary
user terminal comprises a transceiver for receiving said
downlink transmission and for transmitting control signal on
a uplink channel; a control unit configured to transmit a
negative acknowledgement message to said base station to
indicate that a previous downlink transmission was unsuc-
cessful and to intermittently turn a receiver circuit on and off
for a fractional portion of each subframe in a defined retrans-
mission window comprising a plurality of subframes to listen
for a downlink retransmission.

In some embodiments of the user terminal, the receiver is
further configured to detect that control message is completed
and further detect that a downlink packet will not be sent in
that sub-frame, and turn the receiver off.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary mobile communication
system for broad communications.

FIG. 2 illustrates the structure of an exemplary subframe in
mobile communication system using OFDM.

FIG. 3 illustrates typical operations for uplink and down-
link communications of a base station and user terminal in a
mobile communication system.

FIG. 4 illustrates typical operations for uplink and down-
link communications of a base station and user terminal in a
mobile communication system according to one embodiment
of the invention. This example shows the transmission and
retransmission of one uplink and one downlink voice packet
where the retransmission of the downlink packet is aligned
with the acknowledgment of the uplink transmission.

FIG. 5 illustrates typical operations for uplink and down-
link communications of a base station and user terminal in a
mobile communication system according to one embodiment
of the invention. This example shows the transmission and
retransmission of one uplink packet and the transmission of
one downlink voice packet.

FIG. 6 illustrates typical operations for uplink and down-
link communications of a base station and user terminal in a
mobile communication system according to another embodi-
ment of the invention. This example shows the transmission
and retransmission of one uplink and one downlink voice
packet where the retransmission of the downlink packet is not
aligned with the acknowledgment of the uplink transmission.

FIG. 7 illustrates typical operations for uplink and down-
link communications of a base station and user terminal in a
mobile communication system according to another embodi-
ment of the invention. This example shows the transmission
and retransmission of one uplink and one downlink voice
packet along with an appended data packet.

FIG. 8 illustrates an exemplary base station according to
the present invention.

FIG. 9 illustrates an exemplary user terminal according to
the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates an exemplary wireless communication
network 10 for providing mobile broadband services to one or
more user terminals 100. The term user terminal as used
herein refers to any portable communication device having
the ability to connect wirelessly to a communication network
10. The term user terminal includes, without limitation, cel-
Iular phones, smart phones, personal digital assistants, laptop
computers, and handheld computers. Wireless communica-
tion network 10 includes a plurality of base stations 20 that
provide radio coverage within respective cells 12 of the wire-
less communication network 10. The base station 20 connects
to a core network (not shown), which provides access to
external packet data networks such as the Internet.

For illustrative purposes, an exemplary embodiment of the
present invention will be described in the context of a Long
Term Evolution (LTE) system. Those skilled in the art will
appreciate, however, that the present invention is more gen-
erally applicable to other wireless communication systems,
including Wideband Code-Division Multiple Access
(WCDMA), WiMax (IEEE 802.16) systems, and future gen-
erations of mobile communication systems.

LTE systems provides two shared traffic channels; the
Physical Downlink Shared Channel (PDCCH) for downlink
transmissions and the Physical Uplink Shared Channel for
uplink transmissions. The PDCCH and PUSCH both use an
orthogonal frequency division multiplexing (OFDM) carrier.
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Because LTE uses an OFDM carrier, the radio resources may
be divided in the frequency domain among two or more user
terminals at any given time.

FIG. 2 illustrates the structure of an exemplary OFDM
carrier. The vertical axis in FIG. 2 represents the frequency
domain and the horizontal axis represents the time domain. In
the frequency domain, the radio resource is divided into a
plurality of narrowband subcarriers. A typical OFDM carrier
may comprise hundreds or even several thousand subcarriers.
In the time domain, the radio resource is divided into time
slots. Each time slot comprises a plurality of symbol periods.
In this example, a time slot comprises seven (7) symbol
periods. One of the symbol periods in each time slot is used to
transmit a pilot symbol, which is transmitted on a subset of
the available subcarriers in a few known symbol periods. The
remaining six symbols in each time slot are used to transmit
data and/or control signals. The subcarriers in a time slot may
be grouped into units known as resource blocks. For example,
the exemplary embodiment disclosed herein, a resource block
comprises twelve (12) subcarriers over a period equal to one
time slot.

In addition to the shared traffic channels, there are several
control channels to support uplink and downlink operations.
In the downlink, the base station 20 uses the Physical Down-
link Control Channel (PDCCH) to transmit scheduling infor-
mation and transmission parameters (e.g., modulation and
coding scheme (MCS)) to the user terminals 100 for both
uplink and downlink operations, and the Physical HARQ
Indicator Channel (PHICH) for sending acknowledgements
of'uplink transmissions. In the uplink, the user terminals 100
transmit uplink scheduling requests (SRs) and send acknowl-
edgements (ACK/NACK) of downlink transmissions on the
Physical Uplink Control Channel (PUCCH).

A scheduler at the base station 20 determines which user
terminals 100 shall have use of the shared traffic channels at
any given time. Scheduling decisions are typically made once
per subframe. Additionally, the scheduler determines modu-
lation and coding scheme to be used and whether to use a
multiple-input, multiple-output (MIMO) transmission
scheme.

FIG. 3 illustrates typical signaling for downlink and uplink
transmissions on the PDSCH and PUSCH respectively. In the
following examples, it is assumed that the data transmitted
comprises voice packets for voice over IP (VoIP) service.
However, the invention is also applicable to all types of packet
data transmissions. These examples show the transmission of
one speech frame having a period of 20 milliseconds (280
bits) over one radio frame, which contains twenty 1 millisec-
ond subframes. It is assumed that for normal VoIP operations,
one voice frame is being sent every radio frame. The speech
frame can be compressed and transmitted in a single OFDM
subframe to enable DRX operation in the downlink.

For downlink communications, the user terminals 100
report channel conditions to the scheduler. The scheduler at
the base station 20 determines which user terminals 100 to
serve based on the reported channel conditions and other
factors such as buffer levels, quality of service (QoS) require-
ments, and fairness considerations. Data is transmitted to the
user terminals 100 on the PDSCH. Once a scheduling deci-
sion is made, the base station 20 transmits voice packets
(shown in black) to the scheduled user terminals 100 on the
PDSCH. The identities of the user terminals 100 scheduled to
receive data in a given subframe are transmitted in a sched-
uling message called the Downlink Assignment (DL-A) mes-
sage on the PDCCH. The DL-A message is normally trans-
mitted in the same subframe as the data transmission. The
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user terminals 100 monitor the PDCCH to determine when
they are being scheduled to receive data on the PDSCH. After
receiving data on the PDSCH, the user terminal 100 transmits
an acknowledgement (ACK/NACK) to the base station 10 on
the PUCCH to indicate whether the data was successfully
decoded. The LTE standard specifies that the ACK/NACK
signaling must be sent four subframes after the downlink
transmission. In the case of an unsuccessful transmission, the
user terminal 100 sends a NACK on the PUCCH four sub-
frames after the downlink transmission and continues moni-
toring the PDCCH for a new DL-A for the retransmission.
The retransmission from the base station 20 (shown in black)
occurs in the ninth subframe in this example, which is chosen
arbitrarily for this example as there is no set time in the LTE
standard for the retransmission.

For uplink communications, the user terminal 100 trans-
mits a scheduling request (SR) on the PUCCH to the base
station 20 when it has data to transmit. The user terminal 100
then monitors the PDCCH while it waits for an uplink grant
(UL-G). Once the UL-G is received, the user terminal 100
transmits voice packets (shown in black) on the assigned
resources four subframes following the UL-G. Because the
SR contains no information about the resource requirements
of the user terminal 100, the user terminal 100 attaches a
buffer status report (BSR) to the first uplink transmission.
After transmitting the data to the base station 20, the user
terminal 100 then monitors the PHICH for an ACK/NACK of
the uplink transmission. The LTE standard specifies that the
ACK/NACK signaling should be transmitted four subframes
following the uplink transmission. In the case of an unsuc-
cessful transmission, the user terminal 100 retransmits the
data four subframes following the NACK. Those skilled in the
art will appreciate that the retransmission may comprise
either the same data originally transmitted, or different data if
incremental redundancy is being used.

FIG. 3 illustrates an example of uncoordinated transmis-
sions on the uplink and downlink. In this example, it is
assumed that the eNB is using a DRX periodicity equal to the
speech frame periodicity (20 milliseconds in this example)
and an inactivity timer of 1 sub-frame. After transmitting the
uplink service request (SR), the user terminal 100 must turn
on its receiver to wait for the uplink grant. The uplink grant is
received in the sixth subframe. In the example, it is assumed
that the downlink transmission was unsuccessful and that the
user terminal 100 thus sends a NACK on the uplink control
channel to request a retransmission. The NACK is sent in the
fifth subframe, before the uplink grant is received. Therefore,
the user terminal 100 must leave its receiver on after receiving
the uplink grant to listen for a new downlink scheduling
message for the retransmission, which is not received until the
ninth subframe. In the tenth subframe, the user terminal trans-
mits a voice packet on the uplink. The user terminal 100 must
turn on its receiver four subframes later, i.e., the fourteenth
subframe, to listen for the ACK/NACK message. In this
example, the user terminal 100 is required to turn on its
receiver in a minimum of fourteen subframes, even if the user
terminal 100 is operating in the discontinuous reception
mode. The user terminal 100 also turns on its transmitter in
four subframes out of twenty.

FIG. 4 illustrates an example of coordinated transmissions
on the uplink and downlink in accordance with one embodi-
ment of the present invention in a scenario where the original
uplink and downlink transmissions are unsuccessful. In this
example, the base station 20 transmits a downlink voice
packet in the first subframe. It is presumed that an either
uplink service request has previously been transmitted to the
base station 20 by the user terminal 100 on the PUCCH
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transmitted concurrently with the PUSCH packet from the
last speech period. Alternatively, the user terminal 100 could
indicate continued uplink voice activity by inserting a Buffer
Status Report (BSR) into the PUSCH transmission for the last
speech frame. Therefore, the base station 20 transmits an
UL-G to the user terminal 100 in the same subframe as the
downlink scheduling message. According to the LTE Stan-
dard, the downlink transmission occurs in the same subframe
as the transmission of the downlink scheduling message. The
user terminal 100 is required to transmit an uplink burst in the
fourth subframe following the UL-G (i.e., the fifth subframe).
Also, the user terminal 100 is required to transmit the ACK/
NACK message on the PUCCH in the fourth subframe fol-
lowing the downlink transmission (i.e., the fifth subframe).
Thus, the alignment of the downlink scheduling message and
the UL-G in the first subframe causes the ACK/NACK mes-
sage to be transmitted in the same subframe as the uplink
burst.

It is assumed in this example that the downlink transmis-
sion is not successfully decoded and that the user terminal 100
sends a NACK in the fifth subframe. By standard, the base
station 20 is required to transmit an ACK/NACK message
four subframes following the uplink transmission (i.e., in the
ninth subframe). In a preferred embodiment of the invention,
the base station 20 aligns its downlink retransmission with the
ACK/NACK message transmitted to the user terminal 100.
Consequently, the downlink scheduling message will be
aligned with the ACK/NACK message. By standard, the user
terminal 100 will acknowledge the retransmission four sub-
frames later (i.e., the thirteenth subframe). Also, because the
standard requires the uplink transmission to occur four sub-
frames after the ACK/NACK message from the base station
20, the uplink retransmission will be aligned with the ACK/
NACK signal transmitted in the thirteenth subframe.

As shown in FIG. 4, the alignment of the downlink sched-
uling messages with the uplink grant and ACK/NACK sig-
naling associated with uplink transmissions means that the
user terminal will need to turn on its receiver in only slightly
more than two subframes in every twenty subframes. In this
regard, it may be noted that the receiver needs to be turned on
for a short period in the seventeenth subframe to receive the
final ACK from the base station 20. Similarly, the user termi-
nal will need to turn on its transmitter in only two subframes
out of twenty for the original transmission and retransmis-
sion, respectively. Thus, significant power savings can be
realized enabling the mobile terminal to turn off its transmit-
ter and receiver for substantially longer periods of time as
compared to the uncoordinated scenario shown in FIG. 3. For
convenience, the mode of operation shown in FIG. 4 is
referred to herein as the power save mode.

FIG. 5 illustrates coordinated transmissions on the uplink
and downlink in the scenario where the downlink transmis-
sion is successful so no downlink retransmission is required.
As in the previous example, the original downlink scheduling
message and the UL-G are transmitted to the user terminal
100 in the first subframe. According to the LTE standard, the
downlink transmission occurs in the same subframe as the
transmission of the downlink scheduling message. The user
terminal 100 acknowledges the downlink transmission in the
fifth subframe and transmits the voice packet responsive to
the UL-G at the same time.

It is assumed in this example that the downlink transmis-
sionis successful and that the user terminal 100 sends an ACK
in the fifth subframe. Therefore, there is no retransmission on
the downlink. By standard, the base station 20 transmits an
ACK/NACK message to the user terminal 100 in the ninth
subframe (four subframe following the uplink transmission
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and the user terminal 100 retransmits in the thirteenth sub-
frame. Because the ACK/NACK message comprises a single
bit, the receiver does not need to be turned on for the entire
subframe. Thus, additional power savings can be realized
when no downlink retransmission is required.

Because the alignment of control signaling for uplink and
downlink transmissions is not currently specified by the stan-
dard, the base station 20 would likely need to send a control
signal to the user terminal 100 to switch the operation of the
user terminal 100 from a normal mode as specified in the LTE
standard to the power save mode. The user terminal 100 may
indicate that it can operate in a power save mode during a
handshake procedure when the user terminal establishes
communication with the base station 20. The base station 20
may then send a control signal to the user terminal 100 to
direct the user terminal to switch from a normal operating
mode as shown in FIG. 3 to a power save mode of operation
as shown in FIGS. 4 and 5. This signaling to control whether
power save mode is being used or not can occur at various
times. For instance, it can occur during registration. It can also
occur at call setup, for instance, in the SIP INVITE message
used to initiate the call. Lastly, the user terminal 100 could
learn by observation that the base station 20 was using this
invention and autonomously turn on the power save mode
based on the assumption that it will continue for at least the
remainder of the call.

FIG. 6 illustrates operations of the user terminal 100 and
base station 20 in accordance with an alternate embodiment
of'the invention. In this example, the original transmissions of
voice packets on the uplink and downlink are both unsuccess-
ful. In this example, the base station 20 transmits a downlink
voice packet in the first subframe. It is presumed that an
uplink request has previously been transmitted to the base
station by the user terminal 100. Therefore, the base station 20
transmits an uplink grant to the user terminal 100 in the same
subframe as the downlink scheduling message. According to
the LTE Standard, the downlink retransmission occurs in the
same subframe as the transmission of the downlink schedul-
ing message. The user terminal 100 is required to transmit an
uplink burst in the fourth subframe following the uplink grant
(i.e., the fifth subframe). Thus, the alignment of the downlink
scheduling message and the uplink grant in the first subframe
causes the ACK/NACK message to be transmitted in the same
subframe as the uplink burst.

It is assumed that the downlink transmission is not success-
fully decoded and that the user terminal 100 sends a NACK in
the fifth subframe. By the standard, the base station 20 is
required to transmit an ACK/NACK message four frames
following the uplink transmission (i.e., in the ninth sub-
frame). In contrast to the previous embodiment, the base
station 20 is not required to align the downlink retransmission
with the acknowledgement message. Instead, the base station
20 specifies a retransmission window during which the down-
link retransmission may occur. The retransmission window is
defined by two parameters, referred to herein as the offset and
the window size. The offset specifies the beginning subframe
of the window relative to the subframe in which the user
terminal 100 transmitted the NACK message. The window
size specifies the length of the window in subframes. In this
example, the offset is one subframe and the window size is six
subframes.

During the retransmission window, the user terminal 100
turns on its receiver on and off intermittently to listen for a
downlink scheduling message. In one embodiment, the
receiver is turned on for a fractional portion of each subframe
to listen for the downlink scheduling message. Because the
PDCCH is transmitted in the first few symbols of a subframe,
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the receiver needs to be turned on for only a few symbols in
subframes where no scheduling message is received. In sub-
frames where a scheduling message is received, the receiver
is turned on for the entire subframe to receive the downlink
transmission. This technique, referred to herein as micros-
leeping, allows the user terminal to sleep for short periods of
time during each subframe of the retransmission window.
Because the PDCCH can vary from one to three symbols in
length depending on the exact circumstances in the network
and network control settings, it is advantageous for the ter-
minal receiver to detect this variation and to turn off as soon
as possible after decoding the PDCCH for which there is no
downlink packet assigned. The embodiment shown in FIG. 6
has the advantage of not requiring any additional control
signaling other than the DRX control signaling already exist-
ing in the LTE standard.

FIG. 7 shows an alternate embodiment of the invention for
handling concurrent voice and data sessions. FIG. 7 illus-
trates the unsuccessful transmission of one uplink and one
downlink voice packet (shown in black), and one uplink and
one downlink data packet (shown in white). As in the previous
examples, the original downlink scheduling message and the
uplink grant are transmitted to the user terminal 100 in the
first subframe. The base station 20 transmits a downlink voice
packet in the first subframe along with an appended data
packet in the second subframe. The user terminal 100, respon-
sive to the uplink grant, transmits a voice packet to the base
station 20 in the fifth subframe. At the same time, the user
terminal 100 sends a NACK to the base station 20 to indicate
that the downlink voice and data packets were not correctly
received. An appended data packet is transmitted in the sixth
subframe. In this embodiment, the base station 20 aligns the
downlink retransmission with the ACK/NACK of the uplink
transmission. The base station 20 retransmits the voice and
data packet in the ninth and tenth frames respectively and
sends an acknowledgement of the uplink transmission at the
same time. The user terminal 100 retransmits the voice and
data packet in the thirteenth and fourteenth subframes respec-
tively and sends an acknowledgement of the downlink
retransmission in the thirteenth subframe.

By transmitting the data packets in the frame immediately
following the transmission of the voice packets, the signaling
overhead for data transmissions can be reduced. This embodi-
ment avoids the need to have separate signaling for the data
packets. Also, those skilled in the art will note that a single
acknowledgement message is sent for both the voice and data
packets. This may result in the retransmission of some data
that has been successfully received. However, the invention
may still be useful in situations where the system is lightly
loaded.

There may be some times when the system is lightly loaded
and the base station does not need all of the available spec-
trum to provide service to the user terminals 100. According
to one aspect of the invention, the scheduler can be pro-
grammed to consolidate the downlink transmissions into the
fewest possible number of subframes to create “silent” sub-
frames where there are no downlink transmissions. The base
station 20 can indicate through signaling the number of sub-
frames being used so that the user terminal 100 do not need to
listen for downlink transmissions in the silent subframes.

In another aspect of the invention, the base station 20 may
limit the sub-frames that it will listen to for RACH attempts.
The base station 20 could indicate the subframes used for
RACH transmissions, referred to herein as the RACH win-
dow, on a broadcast system information message. This would
allow the base station receiver to be off except during the
scheduled times using this invention. Also, we should men-
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tion that the base station 20 could use a similar “micro-sleep”
technique to listen only to the beginning few symbols of each
sub-frame of the RAC window.

FIG. 8 illustrates an exemplary base station 20. The base
station 20 comprises transceiver circuits 22 coupled to an
antenna 24 for communicating with one or more user termi-
nals 100, and a control circuit 26 for controlling the operation
of the base station 20 as described above. The control circuit
26 may comprise one or more processors that carry out the
various control functions, such as radio resource control. The
control circuit 26 includes a scheduler 28 to schedule uplink
and downlink transmissions as described above. The sched-
uler 28 is responsible for determining which user terminals
100 to schedule for transmission during each subframe and to
send a scheduling messages and uplink grants to the sched-
uled user terminals 100.

FIG. 9 illustrates an exemplary user terminal 100. The user
terminal 100 comprises a transceiver 110 coupled to one or
more antennas 102, a baseband processing circuit 120 for
processing signals transmitted and received by the user ter-
minal 100, and a control unit 130 to control the overall opera-
tion of the user terminal 100 as described in this application.
The baseband processing circuit 120 and control unit 130
could be implemented in a one or more programmable pro-
cessors and/or hardware circuits.

The present invention may, of course, be carried out in
other specific ways than those herein set forth without depart-
ing from the scope and essential characteristics of the inven-
tion. The present embodiments are, therefore, to be consid-
ered in all respects as illustrative and not restrictive, and all
changes coming within the meaning and equivalency range of
the appended claims are intended to be embraced therein.

What is claimed is:

1. A method of scheduling transmissions to a plurality of
user terminals over shared uplink and downlink channels,
said method comprising:

scheduling downlink and uplink transmissions for a plu-

rality of user terminals on shared downlink and uplink
traffic channels respectively;
transmitting downlink scheduling messages to said user
terminals over a shared downlink control channel, said
downlink scheduling messages indicating the identities
of user terminals scheduled to receive data on the shared
downlink traffic channel in corresponding subframes of
a radio frame; and

coordinating the transmission of uplink scheduling grants
for a select one of said scheduled user terminals in
dependence on the timing of respective downlink sched-
uling messages for the select one of said scheduled user
terminals so that the uplink scheduling grants are trans-
mitted in the same subframes as the respective downlink
scheduling messages.

2. The method of claim 1 further comprising:

receiving uplink transmissions from user terminals sched-

uled to transmit on said shared uplink traffic channel;
scheduling retransmissions to user terminals on said shared
downlink traffic channel responsive to negative down-
link acknowledgements from said user terminals; and
coordinating the transmissions of uplink acknowledge-
ments corresponding to transmissions received on said
uplink traffic channel with respective retransmissions to
said user terminals on said shared downlink traffic chan-
nel so that the uplink acknowledgements are transmitted
in the same subframes as the respective retransmissions.

3. The method of claim 1 wherein scheduling downlink and
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shared downlink and uplink traffic channels respectively
comprises scheduling downlink and uplink transmissions of
voice packets.
4. The method of claim 3 further comprising appending
data packets for user terminals with concurrent voice and data
sessions to scheduled voice packets for respective user termi-
nals by transmitting said data packets for said user terminals
with concurrent voice and data sessions in subframes imme-
diately following the transmission of respective voice pack-
ets.
5. The method of claim 4 wherein scheduling downlink and
uplink transmissions for a plurality of user terminals on
shared downlink and uplink traffic channels respectively
comprises consolidating downlink transmissions to said user
terminals in one or more subframes of a radio frame to create
one or more silent subframes in said radio frame.
6. The method of claim 5 further comprising sending a
silent subframe indication to said user terminals to indicate
that one or more subframes of a radio frame will not contain
downlink transmissions.
7. The method of claim 1 further comprising sending con-
trol signals to said user terminals to switch user terminals
between a normal operating mode and a power saving oper-
ating mode.
8. The method of claim 1 further comprising transmitting
retransmission window parameters to the user terminals indi-
cating a time period during which downlink retransmissions
will be made to the user terminal.
9. The method of claim 1 further comprising transmitting
random access window parameters to the user terminals indi-
cating a time period during which the base station will listen
for random access attempts.
10. A base station for scheduling transmissions to a plural-
ity of user terminals over shared uplink and downlink chan-
nels, said method comprising:
a transceiver for transmitting user data to a plurality of user
terminals over a shared downlink traffic channel and for
receiving user data from said user terminals over a
shared uplink traffic channel;
a control circuit including a scheduler for scheduling said
downlink and uplink transmissions, said scheduler con-
figured to:
send downlink scheduling messages to said user termi-
nals over a shared downlink control channel, said
downlink scheduling messages indicating the identi-
ties of user terminals scheduled to receive data on the
shared downlink traffic channel in corresponding sub-
frames of a radio frame; and

coordinate the transmission of uplink scheduling grants
for a select one of said scheduled user terminals in
dependence on the timing of respective downlink
scheduling messages for the select one of said sched-
uled user terminals so that the uplink scheduling
grants are transmitted in the same subframes as the
respective downlink scheduling messages.

11. The base station of claim 10 wherein the scheduler is
further configured to:

schedule retransmissions to user terminals on said shared
downlink traffic channel responsive to receipt of nega-
tive downlink acknowledgements from said user termi-
nals; and

coordinate the transmissions of uplink acknowledgements
corresponding to uplink transmissions from said user
terminals with respective downlink retransmissions to
said user terminals on said shared downlink traffic chan-
nel so that the uplink acknowledgements are transmitted
in the same subframes as the respective retransmissions.
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12. The base station of claim 10 wherein said downlink and
uplink transmissions comprise voice packets.

13. The base station of claim 12 wherein the scheduler is
further configured to append data packets for user terminals
with concurrent voice and data sessions to scheduled voice
packets for respective user terminals by scheduling transmis-
sion of said data packets for transmission to said user termi-
nals in subframes immediately following the transmission of
respective voice packets for said user terminals.

14. The base station of claim 13 wherein said scheduler is
further configured to consolidate downlink transmissions to
said user terminals in one or more subframes of a radio frame
to create one or more silent subframes in said radio frame.

15. The base station of claim 14 wherein said control circuit
is configured to send a silent subframe indication to said user
terminals to indicate that one or more subframes of a radio
frame will not contain downlink transmissions.

16. The base station of claim 10 wherein the control circuit
is configured to send control signals to said user terminals to
switch user terminals between a normal operating mode and
a power save operating mode.

17. The base station of claim 10 wherein the control circuit
is configured to send retransmission window parameters to
the user terminals indicating a time period during which
downlink retransmissions will be made to the user terminal.

18. The base station of claim 10 wherein the control circuit
is configured to send random access window parameters to
the user terminals indicating a time period during which the
base station will listen for random access attempts.
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